
Remarks 



In view of the above amendments and the following v 
further examination are requested. 

The specification and abstract have been reviewed and revised^ 
of editorial revisions. A substitute specification and abstract have been prej. 
submitted herewith. No new matter has been added. Enclosed is a marked-up\ 
the specification and abstract indicating the changes incorporated therein. \^ 

Figures 1-3, 5, 6 and 8 have been objected to as. lacking descriptive legends for a 
number of boxes labeled with reference numbers 120, 370 and 510. Figures 1-3, 5, 6 and 
8 have been amended so as to label these boxes. Enclosed herewith are substitute formal 
drawings including the amendments to Figures 1-3, 5, 6 and 8. No new matter has been 
added. As a result, withdrawal of this objection to the drawings is respectfully requested. 

Withdrawn claims 10-30 and 32-38 have been canceled without prejudice or 
disclaimer to the subject matter contained therein. 

Claim 31 has been rejected under 35 U.S.C § 1 02(b) as being anticipated by 
Foord, "Optical Demultiplexing for Subcarrier Multiplexed Systems." Claims 1-3 have 
been rejected under 35 U.S.C. § 103(a) as being unpatentable over Watanabe (US 
5,432,632) in view of Nakajima, "Subcarrier Homodyne Demultiplexing Scheme for 
SCM Optical Communications Systems." Claims 4-6 have been rejected under 35 U.S.C. 
§ 103(a) as being unpatentable over Watanabe ( ( 632) in view of Nakajima and further in 
view of Lam (US 5,859,61 1). Claims 7-9 have been rejected under 35 U.S.C. §1 03(a) as 
being unpatentable over Watanabe (US 5,896,211) in view of Nakajima. Claim 31 has 
been rejected under 35 U.S.C. §103 (a) as being unpatentable over Nakajima. 

Claims 1-9 and 31 have also been canceled without prejudice or disclaimer to the 
subject matter contained therein and are replaced with new claims 39-42. It is submitted 
that new claims 39-42 are patentable over the references relied upon in the above- 
mentioned rejections for the following reasons. 

Claim 39 is patentable over the combination of Watanabe ( 4 632) and Nakajima, 
since claim 39 recites an optical transmission system having, in part, a plurality of optical 
receivers for receiving an optical signal via an optical fiber and an optical separation part, 
wherein each of the plurality of optical receivers has an external modulation part for 
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intensity-modulating one of a plurality of separate optical signals with an electrical signal 
equal in frequency to one of carriers modulated in a modulation part, and an optical- 
electrical conversion part for converting the one separate optical signal intensity- 
modulated by the external modulation part into an electrical signal. The combination of 
Watanabe ('632) and Nakajima fails to disclose or suggest a plurality of optical receivers 
as recited in claim 39. 

Watanabe ('632) discloses an optical communications system that comprises 
sending equipment and receiving equipment connected by an optical fiber 1304. The 
receiving equipment includes a mixing circuit 1305 that received modulated light from 
the optical fiber 1304 and mixes the modulated light with a local oscillator light beam 
from a local oscillator laser device 1306. The mixed light is fed into a light receiver 1307 
which converts the light into an electrical signal. The electrical signal is then fed into an 
amplifier 1308 to be amplified. The amplified signal is then fed into a phase noise 
cancellation circuit 1309 to eliminate any phase noise and then branched into a number of 
demodulators 1310-1 - 1310-N which each extract one of the subcarrier components in 
the signal. ( See column 17, line 4 - column 18, line 8 and Figure 13). 

Based on the above description, Watanabe ('632) discloses that the receiving 
equipment receives the modulated light, mixes the modulated light with the local 
oscillator light beam, converts the mixed light beam to an electrical signal via the single 
light receiver 1307 , and extracts all electrical subcarrier components via the demodulators 
1310-1 - 1310-N. Therefore, Watanabe ( s 632) necessarily fails to disclose or suggest a 
plurality of optical receivers for receiving an optical signal via an optical fiber and an 
optical separation part, wherein each of the plurality of optical receivers has an external 
modulation part for intensity-modulating one of a plurality of separate optical signals 
with an electrical signal equal in frequency to one of carriers modulated in a modulation 
part, and an optical-electrical conversion part for converting the one separate optical 
signal intensity-modulated by the external modulation part into an electrical signal, as 
recited in claim 39. 

Nakajima discloses an opto-microwave circuit having a pair of light modulators 
excited with a local signal having opposite polarities. A modulated signal is split and 
supplied to both of the light modulators. The output light wave of each of the light 
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modulators is injected into one of a pair of light diodes which has the effect of preventing 
interference among channels. ( See page 165 - Abstract, page 166-3 Demodulation and 
Figure 1). However, Nakajima also fails to disclose or suggest a plurality of optical 
receivers as recited in claim 39. 

As a result, it is apparent that the combination of Watanabe ('632) and Nakajima 
fails to disclose or suggest the present invention as recited in claim 39. 

In section 4, on pages 2 and 3 of the Office Action, Foord is relied upon as 
disclosing that a subcarrier signal can be selected by a filter and that an external 
modulator can be used as the filter. However, Foord fails to disclose or suggest a 
plurality of optical receivers as recited in claim 39. 

In section 7, on pages 4 and 5 of the Office Action, Lam is relied upon as 
disclosing a semiconductor optical amplifier (SOA) as an external modulator. However, 
Lam fails to disclose or suggest a plurality of optical receivers as recited in claim 39. 

In section 8, on pages 5 and 6 of the Office Action, Watanabe ('211) is relied 
upon as disclosing a WDM communication system having a plurality of OFDM modules 
Al-An. ( See Figure 4). However, Figure 4 of Watanabe ('211) also discloses only a 
signal optical detector 35. Therefore, Watanabe ('211) fails to disclose or suggest a 
plurality of optical receivers as recited in claim 39. 

Because of the above mentioned distinctions, it is believed clear that claims 39-42 
are allowable over the references relied upon in the rejections. Furthermore, it is 
submitted that the distinctions are such that a person having ordinary skill in the art at the 
time of invention would not have been motivated to make any combination of the 
references of record in such a manner as to result in, or otherwise render obvious, the 
present invention as recited in claims 39-42. Therefore, it is submitted that claims 39-42 
are clearly allowable over the prior art of record. 
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In view of the above amendments and remarks, it is submitted that the present 
application is now in condition for allowance. The Examiner is invited to contact the 
undersigned by telephone if it is felt that there are issues remaining which must be 
resolved before allowance of the application. 



DMO/jmj 

Washington, D.C. 20006-1021 
Telephone (202) 721-8200 
Facsimile (202) 721-8250 
March 4, 2004 



Respectfully submitted, 



Hiroyuki SASAI et al. 




Registration No. 45,33$ 
Attorney for Applicants 
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BACKGROUND OF THE INVENTION 
Field of the Invention 

The present invention relates to optical transmission 
systems and optical receivers and, more specifically, to an optical 
transmission system which transmits a plurality of electrical 
signals after frequency division multiplexing, and an optical 
receiver suitably used for such system. 

Description of the Background Art 

FIG. 8 shows the structure of a conventional optical 
transmission system which transmits a plurality of electrical 
signals under the frequency division multiplexing technology. 

In FIG. 8, the optical transmission system is provided with 
a plurality of digital modulation parts 811 to 8 In, frequency 
divisionmultiplexpart 120, light source 130 , intensity modulation 
part 140, optical fiber 150, optical-electrical conversion part 
870, frequency selection part 880, and digital demodulation part 
890. 

Described next below is the operation of such conventional 
optical transmission system. 

The digital modulation parts 811 to 81n receive 
to-be-transmitted digital data 11 to In, respectively. The 



digital modulation parts 811 to 81n then each modulate carriers 
varied in frequency with the corresponding digital data 11 to In, 
and output a digital modulated signal. The frequency division 
multiplex part 120 multiplexes the digital modulated signal 
outputted from each of the digital modulation parts 811 to 81n, 
and outputs a frequency division multiplex signal. The light 
source 130 outputs light, and the light goes to the intensity 
modulation part 140 to be modulated in intensity by the frequency 
division multiplex signal. The resultant optical signal is 
transmitted through the optical fiber 150, and is then converted 
into an electrical signal in the optical-electrical conversion 
part 870. The electrical signal is a signal on which the digital 
modulated signals are multiplexed. Thereafter, selected from 
this signal in the frequency selection part 880 is one of the digital 
modulated signals carrying any one digital data desired among the 
digital data 11 to In. By demodulating such selected digital 
modulated signal in the digital demodulation part 890, the desired 
digital data is derived. 

To derive the desired digital data in the above conventional 
optical transmission system, however, there needs to provide the 
frequency selection part 880 needs to be provided with every digital 
modulated signal . As a result, the optical-electrical conversion 
part 870 and electrical devices subsequent thereto including the 
frequency selection part 880, an amplifier (not shown) , and the 
like, are characteristically required to be broadband to cover 



not only the band of one digital modulated signal^ but that of 
the entire frequency division multiplex signal. If the digital 
modulated signals are increased in number for the purpose of 
increasing transmission capacity, the band of the frequency 
division multiplex signal result ant ly becomes broader . Therefore, 
to deal with such broader bandwidth, the whole system^ including 
those electric devices, ends in has a higher cost. 

SUMMARY OF THE INVENTION 

Therefore, an object of the present invention is to provide 
an optical transmission system capable of transmitting a frequency 
division multiplex signal over a broader frequency band without 
needing any electrical broadband device on the receiver side, and 
accordingly increasing optical transmission capacity while 
reducing cost --±**e-a?ea-se . 

In order to attain the object above, an optical transmission 
system of the present invention comprises: 

a plurality of amplitude modulation parts for receiving each 
corresponding transmitting data, and amplitude-modulating 
carriers of differing frequencies by the transmitting data; 

a frequency divisionmultiplexpart for receivinga resultant 
amplitude modulated signal from each of the amplitude modulation 
parts, and multiplexing the amplitude modulated signals and 
outputting a frequency division multiplex signal; 

an intensity modulation part for intensity modulating an 
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optical signal by the frequency division multiplex signal, and 
outputting the intensity-modulated optical signal to the optical 
transmission path; 

an external modulation part for intensity modulating the 
5 intensity-modulated optical signal this time by an electrical 
signal equal in frequency to any one of the carriers used in the 
plurality of amplitude modulation parts; and 

an optical-electrical conversion part for converting, by 
square detection, the optical signal provided by the external 

10 modulation part into an electrical signal. 

As is known from the above, according to the present invention, 
an incoming optical signal is modulated in intensity twice, once 
on the transmission side by a frequency division multiplex signal, 
and again on the reception side by an electrical signal of frequency 

15 corresponding to any desired data. Accordingly, outputted from 
an optical-electrical conversion part is the desired electrical 
signal which has been demultiplexed. Therefore, there is no need 
for electrical devices to cover the entire bandwidth of a frequency 
division multiplex signal. With such structure, no expensive 

20 broadband electrical device is required, and signals can be 
allocated over a broader frequency band with which an optical device 
can deal handle , and accordingly the optical transmission capacity 
is increased while reducing cost increase . 

These and other objects, features, aspects and advantages 

25 of the present invention will become more apparent from the 



following detailed description of the present invention when taken 
in conjunction with the accompanying drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a block diagram showing the structure of an optical 
transmission system according to a first embodiment of the present 
invention; 

FIG. 2 is a block diagram showing the structure of an optical 
transmission system of a second embodiment; 

FIG . 3 is a block diagram showing the structure of an optical 
transmission system of a third embodiment; 

FIGS. 4a to 4c are exemplary spectra of, respectively, an 
optical signal at ajiime of coming into entering an optical filter, 
coming out of leaving a second SSB modulation part, and coming 
e-a£---e-£ leaving an optical combiner; 

FIG. 5 is a block diagram showing the structure of an optical 
transmission system of a fourth embodiment; 

FIG. 6 is a diagram showing the structure of an optical 
transmission system of a fifth embodiment; 

FIGS. 7a and 7b are exemplary spectra of, respectively,-^ 
•^ffl c of an optical signal coming into at a time of entering a fixed 
optical filter, and coming out of leaving an optical combiner; 
and 

FIG. 8 is a block diagram showing the structure of a 
conventional optical transmission system. 
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DESCRIPTION OF THE PREFERRED EMBODIMENTS 
( First Embodiment) 

FIG. 1 is a block diagram showing the structure of an optical 
5 transmission system according to a first embodiment of the present 
invention. In FIG. 1, the optical system is provided with a 
plurality of ASK (Amplitude Shift Keying) modulation parts 111 
to lln, the frequency division multiplex part 120, the light source 
130, the intensity modulation part 140, the optical fiber 150, 
10 an external modulation part 160, an optical-electrical conversion 
part 170, a local oscillator 180, and an LPF (low-pass filter) 
190. Here, any constituent identical to that in FIG. 8 is under 
the same reference numeral. 

Described below is the operation of the optical transmission 
15 system of the first embodiment. 

The to-be-transmitted digital data 11 to In is in binary, 
and is provided to a plurality of ASK modulation parts 111 to lln, 
respectively. The ASK modulation parts 111 to lln each subject, 
to ASK modulation, carriers varied in frequency from f x to f n by 
20 the corresponding digital data 11 to In, and then output an ASK 
signal. Thus outputted n ASK signals are multiplexed by the 
frequency division multiplex part 120, and a frequency division 
multiplex signal is outputted. The light source 130 outputs light 
constant in intensity. The light goes to the intensity modulation 
25 part 140, and is modulated in intensity by the frequency division 
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multiplex signal therein. The resultant optical signal is 
transmitted through the optical fiber 150. The local oscillator 
180 outputs a local oscillation signal whose frequency is equal 
to the carrier frequency of any one ASK signal carrying the desired 
5 digital data. The external modulation part 160 modulates, in 
intensity, the optical signal again this time by the local 
oscillation signal provided by the local oscillator 180. The 
resultant optical signal is then converted, by square detection, 
into an electrical signal in the optical-electrical conversion 

10 part 170. From the electrical signal, the LPF 190 extracts any 
band component corresponding to the desired digital data. 

With reference to the following equations, described next 
is the principle of the desired digital data being extracted through 
the above-described operation. 

15 The intensity modulation part 140 receives light constant 

in intensity from the light source 130, and modulates the light 
by a frequency division multiplex signal on which n ASK signals 
of differing carrier frequencies from fl to fn are multiplexed. 
Here, assuming that the intensity of the resultant optical signal 

20 is Pi, Pi is expressed by the following equation (1): 



In the equation (1) , P 0 denotes the intensity of the optical 
signal when no modulation is performed, OMI denotes the optical 
modulation index for the ASK signals multiplexed on the frequency 



P,= l-KDMI^{S m (t)cos(2Jf m t)} P 0 



(1) 
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division multiplex signal, and S m (t) denotes the level in binary 
("1" or "0") of the mth digital data lm. 

With respect to the intensity-modulated optical signal, the 
external modulation part 160 performs frequency conversion by 
modulating the optical signal in intensity again this time by a 
local oscillation signal having a_frequency of fk (where k is an 
arbitrary integer from 1 ton) . Here, assuming that the intensity 
of the resultant optical signal is ?2r P2 is expressed by the 
following equation (2): 



P 2 =L{ l+cos(2£7f k t)} 



l+OMl£ {S m (t)cos(2£7f m t)} 



Po 



(2) 



In the equation (2), L denotes any influence caused by an 
optical loss- occurred occurring in the optical fiber 150 and the 
external modulation part 160, and the like. The equation (2) is 
expanded to be the following equation (3) : 



P>=L 



I^os(20f k t)4<DMl2^{S m (t)cos(20U)}^MIcos(2£7f k t) {S m (t)cos(2£7f; il t) } 



Po 



(3) 



The optical signal having the intensity expressed by the 
15 The optical signal having the intcnoity expressed by thc equation 
(3) is provided to the optical-electrical conversion part 170, 
and then is converted into an electrical signal by square detection . 
Here, assuming that 77 denotes the conversion efficiency at a_time 
of optical-electrical conversion, a current i to be outputted from 
20 the optical-electrical conversion part 170 is expressed by the 
following equation (4): 
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i=5>LPo 



OMI OMI ^ 



(4) 



In the equation (4), the second term, if expanded, denotes 
digital data carried by the ASK signal whose carrier frequency 
is f k . It is thus known from the equation (4) that such digital 
data has been demodulated before outputted from the 
5 optical-electrical conversion part 170 . Accordingly, unlike the 
conventional optical transmission system of FIG. 8, there is no 
need for electrical devices for selecting and demodulating any 
one ASK signal. 

In the equation (4), the third term and thereafter, if 
10 expanded, are regarded as being unwanted high frequency components 
outputted from the optical-electrical conversion part 170. In 
this embodiment, the LPF 190 is the one used to exclude such unwanted 
high frequency components. Herein, if devices such as the 
optical-electrical conversion part 170 and an amplifier subsequent 
15 thereto, which is provided as required, are characteristically 
capable of passing only any low frequency component, the LPF 190 
may be omitted. 

In this embodiment, the to-be- transmit ted data is in binary. 
However, this Thio is not restrictive, and the data may be multilevel 
20 or analog. If analog, there needs to use an analog amplitude 
modulator needs to be used instead of the ASK modulation parts 
111 to lln. 

Further, although the light coming from the light source 
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130 is presumed to be externally modulated by the frequency division 
multiplex signal in the intensity modulation part 140, the light 
may be modulated directly by the frequency division multiplex 
signal . 

5 The external modulation part 160 may be implemented by a 

general type of external optical modulator, or a semiconductor 
optical amplifier. The semiconductor optical amplifier is 
capable of optical-amplifying in addition to intensity-modulating, 
and therefore can prevent the optical signal from decreasing in 

10 power due to optical loss at time of frequency selection. 
Accordingly, it is possible to increase the transmission distance . 

Further, the well-known wavelength division multiplexing 
technology may also be applied to the optical transmission system 
of this embodiment. If applied, a plurality of optical 

15 transmission parts and optical reception parts are provided . Here, 
the optical transmission parts each include the ASK modulation 
parts 111 to lln, the frequency division multiplex part 120, the 
light source 130, the intensity modulation part 140, all of which 
are the ones appeared appearing in the first embodiment . Similarly, 

20 the optical reception parts each include the external modulation 
part 160, the optical-electrical conversion part 170, the local 
oscillator 180, and the LPF 190. Optical signals varied in 
wavelength each transmitted from the optical transmission parts 
are multiplexed and then transmitted via the optical fiber, and 

25 demultiplexed based on the optical frequency . Thus demultiplexed 

10 
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1, 

optical signals are then supplied to each corresponding optical 
reception part, and subjected to frequency selection before being 
converted into electrical signals. As such, with the help of the 
wavelength division multiplexing technology, optical 
5 transmission capacity can be increased. 

As is known from the above, according to the first embodiment, 
an incoming optical signal which has already been modulated is 
modulated in intensity again by a local oscillation signal from 
the local oscillator 180. Thus, no digital demodulation part is 

10 needed for demodulating any one ASK signal of desired frequency 
selected from a frequency division multiplex signal, whereby the 
cost increase is reduced. Moreover, in the conventional optical 
transmission system, such digital demodulation part provided 
subsequent to the optical-electrical conversion part 870 170 is 

15 required to cover the entire bandwidth of the frequency division 
multiplex signal. On the other hand, in the present optical 
transmission system, such electrical device devices, such as an 
amplifier^ appropriately provided subsequent to the 
optical-electrical conversion part 170 only n eeds need to cover 

20 the bandwidth of one ASK signal. This is because the signal 
processed therein is an electrical signal already having been 
selected with the desired ASK signal. Accordingly, without such 
broadband digital demodulation part, optical transmission 
capacity can be increased no matter how many ASK signals are 

25 subjected to frequency division multiplexing. With such 

11 
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structure, broadband optical devices are effectively utilized to 
increase the optical transmission capacity. 
(Second Embodiment ) 

FIG. 2 is a block diagram showing the structure of an optical 
5 transmission system according to a second embodiment. In FIG. 
2, the optical transmission system is provided with a plurality 
of ASK modulation parts 111 to lln, the frequency division multiplex 
part 120, the light source 130, the intensity modulation part 140, 
the optical fiber 150, an optical-electrical conversion part 270, 

10 the local oscillator 180, and the LPF 190. Here, any constituent 
identical to that in FIG. 1 is under the same reference numeral. 

Described below is the operation of the optical transmission 
system of the second embodiment, focusing on the operation from 
the stage of optical fiber 150 and thereafter as— i-s the only 

15 difference from the system of the first embodiment. 

The optical signal from the intensity modulation part 140 
goes through the optical fiber 150 and reaches the 
optical-electrical conversion part 270 . The local oscillator 180 
outputs a local oscillation signal whose frequency is equal to 

20 the carrier frequency of any one ASK signal carrying any desired 
digital data. The local oscillation signal is superposed on a 
bias voltage or a bias current of the optical-electrical conversion 
part 270. The optical-electrical conversion part 270 converts 
the optical signal into an electrical signal by square detection 

25 so as to mix the optical signal with the local oscillation signal 
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superposed this time on the bias voltage so as to perform frequency 
conversion. As a result, outputted from the optical-electrical 
conversion part 270 is the desired digital data which has been 
demodulated as in the first embodiment. Therefore, there is no 
5 need to have the digital demodulation part for selecting and 
demodulating any one ASK signal. 

Thereafter, similar to the first embodiment, the LPF 190 
extracts only the desired digital data from the electrical signal 
converted by the optical-electrical conversion part 270 . Herein, 

10 if the optical-electrical conversion part 270 and electrical 
devices^ such as an amplifier^ appropriately provided subsequent 
to the optical-electrical conversion part 270- — ts-_ are 
characteristically capable of passing only any low frequency 
component, the LPF 190 may be omitted. 

15 Also, similar to the first embodiment, the data to be 

transmitted is not limited to be in binary, and the light coming 
from the light source 130 may be directly modulated by a frequency 
division multiplex signal. 

As is known from the above, according to the second embodiment, 

20 frequency selection can be simultaneously performed with 
optical-electrical conversion by superposing a local oscillation 
signal on a bias voltage of an optical-electrical conversion part . 
Here, the frequency of the local oscillation signal is equal to 
a carrier frequency of an ASK signal carrying the desired digital 

25 data. This is the reason why no digital demodulation part is 
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required to select any one ASK signal of the desired frequency 
from the frequency division multiplexing signal for demodulation . 
Furthermore, any other device does not have to be 
characteristically broadband to cover the entire frequency 
5 division multiplex signal. Accordingly, optical transmission 
capacity can be increased while reducing cost increase . 
(Third Embodiment) 

FIG. 3 is a block diagram showing the structure of an optical 
transmission system of a third embodiment . In FIG. 3, the optical 

10 transmission system is provided with an optical transmission part 
310, the optical fiber 150, an optical filter part 350, a second 
SSB (Single SideBand) modulation part 360, an optical combiner 
370, the optical-electrical conversion part 170, the local 
oscillator 180, and the LPF 190 . Herein, the optical transmission 

15 part 310 includes a plurality of ASK modulation parts 111 to lln, 
the frequency division multiplex part 120, a first SSB modulation 
part 340, and the light source 130. In FIG. 3, any constituent 
identical to that in FIG. 1 is under the same reference numeral. 
Described below is the operation of the optical transmission 

20 system of the third embodiment. 

The ASK modulation parts 111 to lln receive to-be -transmit ted 
digital data 11 to In, respectively. The ASK modulation parts 
111 to lln each subject, to ASK modulation, carriers varied in 
frequency from fl to fn by the corresponding digital data 11 to 

25 In, and then output an ASK signal. Thus outputted n ASK signals 
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are multiplexed by the frequency division multiplex part 120, and 
a frequency division multiplex signal is outputted. The light 
source 130 outputs light, and the light goes to the first SSB 
modulation part 340 to be subjected to SSB modulation by the 
frequency division multiplex signal therein. The SSB modulation 
herein denotes such modulation scheme as making a signal spectrum 
after modulation include an optical carrier component and either 
an upper or lower sideband component . The resultant optical signal 
eeffBrR-g-#g-effl leaving the first SSBmodulation part 340 is transmitted 
10 to the optical filter part 350 through the optical fiber 150. 

From the optical signal, two types of components of optical 
carrier and optical sideband are extracted. Here, an optical 
sideband component of the optical signal includes a plurality of 
components, each of which carries an ASK signal. The optical 
15 carrier component goes to the optical combiner 370, while the 
optical sideband component goes to the second SSB modulation part 
360. The local oscillator 180 outputs a local oscillation signal 
whose frequency is equal to the carrier frequency of any one ASK 
signal carrying any desired digital data . By the local oscillation 
20 signal, the second SSB modulation part 360 subjects the received 
optical sideband component to SSB modulation. If the first SSB 
modulation part 340 has performed SSB modulation in such manner 
as to generate an upper sideband, SSB modulation herein is so 
performed as to generate a lower sideband, and — vice — versa 



vice-versa 
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The optical combiner 370 combines the thus received optical 
carrier component and the SSB-modulated optical sideband component 
The resultant optical signal is provided to the optical-electrical 
conversion part 170, and then converted into an electrical signal 
5 by square detection . Thereafter, from the electrical signal , the 
LPF 190 extracts any band component including the desired digital 
data . 

With reference to the accompanying drawings, described next 
is the principle of the desired digital data being extracted through 

10 the above-described operation. 

FIG. 4a is an exemplary spectrum of an optical signal at 
a^time of coming into entering the optical filer part 350. Here, 
presumably, the ASK signals multiplexed on the frequency division 
multiplex signal are varied in carrier frequency from fl to fn, 

15 any one ASK signal carrying the desired digital data has carrier 
frequency of fk, and the light coming from the light source 130 
has an_optical frequency of f 0 . Moreover, the first SSB modulation 
part 340 presumably carries out SSB modulation in such manner as 
to generate an upper sideband. The resultant optical signal 

2 0 obtained thereby goes to the optical filter part 350, and therefrom, 
two types of components of optical carrier and optical sideband 
are extracted. In FIG. 4a, two dotted broken lines both show the 
exemplary transmittance of the optical filter part 350 used for 
the extraction. 

25 Out of the optical signal, the extracted optical sideband 
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component goes to the second SSB modulation part 360 to be SSB 
modulated again this time by a local oscillation signal of frequency 
fk coming from the local oscillator 180. TIG. 4b is an exemplary 
spectrum of the resultant optical signal coming out of leaving 
the second SSBmodulation part 360 . Since the second SSBmodulation 
part 360 so performs SSB modulation as to generate a lower sideband, 
as shown in FIG . 4b, the opt ical sideband component is down converted 
by the frequency fk. Accordingly, a shaded area in the drawing^ 
which denotes an optical component (optical frequency fO + fk) 
corresponding to the ASK modulated signal of carrier frequency 
fk L is frequency-converted and comes to the position of optical 
frequency fO. 

The optical combiner 370 combines the optical carrier 
component shown in FIG. 4a with the optical sideband component 
provided by the second SSB modulation part 360 in FIG . 4b for output 
to the optical-electrical conversion part 170. FIG. 4c is an 
exemplary spectrum of the resultant optical signal coming out of 
the optical combiner 370 . In the spectrum, at the optical frequency 
fO, the optical carrier component is overlaid on the optical 
component corresponding to the ASK modulated signal of carrier 
frequency fk. Therefore, by converting this optical signal by 
square detection in the optical-electrical conversion part 170 
into an electrical signal, the desired digital data can be obtained 
in the baseband. 

Note herein that, from the optical filter part 350, the 




optical carrier component is provided to the optical combiner 370, 
and the optical sideband component to the second SSB modulation 
part 360. This is not restrictive, and similarly the desired 
digital data can be derived if the optical carrier component goes 
5 to the second SSB modulation part 360, and the optical sideband 
component to the optical combiner 370. In such case, the second 
SSB modulation part 360 needs to perform SSB modulation in such 
manner as to generate the optical sideband component on the same 
side as in the first SSB modulation part 340. As an example, if 

10 the first SSB modulation part 340 has generated an upper sideband, 
the second SSB modulation part 360 follows suit. 

Similar to the first embodiment, if electrical devices^ such 
as the optical-electrical conversion part 170 and an amplifier 
appropriately provided subsequent thereto, are 

15 characteristically capable of passing only any low frequency 
component, the LPF 190 may be omitted. 

Also, similar to the first embodiment, the data to be 
transmitted is not limited to be in binary. 

As is known from the above, according to the third embodiment, 

2 0 frequency selection can be done to an optical signal by going through 
such steps as extracting, from an incoming optical signal, two 
types of components of optical carrier and optical sideband, SSB 
modulating the thus obtained optical sideband component by a local 
oscillation signal whose frequency is equal to a carrier frequency 

25 of an ASK signal carrying the desired digital data, and then 



combining the SSB-modulated component with the optical carrier 
component. Accordingly, there is no need to include a digital 
demodulation part for selecting any one ASK signal of desired 
frequency from a frequency division multiplex signal for 
demodulation. Further, ■any no other device is— fte^fc- required to 
be characteristically broadband to deal with the entire frequency 
division multiplex signal. Therefore, no matter what type of 
electrical devices, ASK signals can be allocated over a broader 
frequency band, and accordingly the optical transmission capacity 
is increased while reducing cost increase . 
(Fourth Embodiment) 

FIG. 5 is a block diagram showing the structure of an optical 
transmission system of a fourth embodiment . In FIG. 5, the optical 
transmission system is provided with a plurality of optical 
transmission parts 311 to 31m, an optical multiplex part 510, the 
optical fiber 150, an optical filter part 550, the second SSB 
modulation part 360, the optical combiner 370, the 
optical-electrical conversion part 170, the local oscillator 180, 
and the LPF 190. The optical transmission parts 311 to 31m are 
presumed to be in the same structure as the optical transmission 
part 310 in FIG. 3. Here, any constituent identical to the one 
in FIG. 5 is under the same reference numeral in FIG. 3. 

Described next is the operation of the optical transmission 
part of the fourth embodiment. 

The optical transmission parts 311 to 31m receive each 



receive a corresponding set of digital data varying from 11-ln 
to ml-mn . The optical transmission parts 311 to 31m each subject, 
to S SB modulation, optical signals of differing optical frequencies 
by a frequency division multiplex signal. Here, on the frequency 
division multiplex signal, ASK signals each corresponding to the 
digital data are multiplexed. The resultant optical signals 
outputted from each of the optical transmission parts 311 to 31m 
are multiplexed by the optical multiplex part 510, and transmitted 
via the optical fiber 150. 

From the transmitted optical signal, the optical filter part 
550 extracts an optical carrier component and an optical sideband 
component of one optical signal multiplexed thereon. Herein, the 
optical filter part 550 may be implemented by a set including a 
1X2 optical branching unit and two variable optical filters, 
for example. The optical carrier component goes to the optical 
combiner 370, while the optical sideband component goes to the 
second SSB modulation part 360 . The local oscillator 180 outputs 
a local oscillation signal whose frequency is equal to the carrier 
frequency of any one ASK signal carrying the desired digital data. 
By the local oscillation signal, the second SSB modulation part 
360 subjects the received optical sideband component to SSB 
modulation. Here, if first SSB modulation parts included in each 
of the optical transmission parts 311 to 31m have performed SSB 
modulation in such manner as to generate an upper sideband, SSB 
modulation herein is so performed as to generate a lower sideband, 



and v ic e ve rsa vice-versa . The optical combiner 370 combines the 
optical carrier component with the resultant optical signal 
outputted from the second SSB modulation part 360. The 
optical-electrical conversion part 170 converts, by square 
detection, the resultant optical signal into an electrical signal . 
From the electrical signal, the LPF 190 then extracts the desired 
digital data. 

In the foregoing, the optical carrier component extracted 
in the optical filter part 550 first goes to the optical combiner 
10 370, while the optical sideband component goes to the second SSB 
modulation part 360. This is not restrictive, and the optical 
carrier may goes go to the second SSB modulation part 360, and 
the optical sideband component may go to the optical combiner 370 . 
In such a_case, the second SSB modulation part 360 needs to perform 
15 SSB modulation in such manner as to generate the optical sideband 
component on the same side as in the first SSB modulation parts 
in the set of optical transmission parts 311 to 31m. As an example, 
if the first SSB modulation parts have generated an upper sideband, 
the second SSB modulation part 360 follows suit. 
20 Herein, if the optical-electrical conversion part 270 and 

electrical devices^ such as an amplifier appropriately provided 
subsequent thereto, ~±s- are characteristically capable of passing 
only any low frequency component, the LPF 190 may be omitted. 
Also, similar to the first embodiment, the data to be 
25 transmitted is not limited to be in binary. 
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As is known from the above, according to the fourth embodiment, 
frequency selection can be done to an optical signal by going through 
such steps as determining which optical signal multiplexed on an 
incoming optical signal carries any desired digital data, 
extracting two types of components of optical carrier and optical 
sideband from the determined optical signal, SSB modulating thus 
obtained optical sideband component by a local oscillation signal 
whose frequency is equal to a carrier frequency of an ASK signal 
carrying the desired digital data, and then combining the 
SSB-modulated optical signal with the optical carrier component. 
Accordingly, there is no need to include a digital demodulation 
part for selecting any one ASK signal of desired frequency from 
a frequency division multiplex signal for demodulation . Further, 
an optical-electrical conversion part and any device connected 
subsequent thereto are not required to be characteristically 
broadband. Therefore, signals can be allocated over a broader 
frequency band, and accordingly the optical transmission capacity 
is increased while reducing cost — increase . Still further, 
compared with a DSB ( Double SideBand) modulation scheme which makes 
a modulated signal include components of carrier and-em upper and 
e- lower sidebands, the SSB modulation scheme applied herein reduces 
the occupied bandwidth and accordingly the more a greater number 
of signals can be subjected to frequency division multiplexing. 
(Fifth Embodiment) 

FIG. 6 is a block diagram showing the structure of an optical 




transmission system according to a fifth embodiment. In FIG. 6, 
the optical transmission system is provided with a plurality of 
optical transmission parts 311 to 31m, the optical multiplex part 
510, the optical fiber 150, a fixed optical filter part 610, a 
5 variable optical filter 620, the second SSB modulation part 360, 
the local oscillator 180, the optical combiner 370, the 
optical-electrical conversion part 170, and the LPF 190 . Herein, 
any constituent identical to that in FIG. 5 is under the same 
reference numeral . 

10 Described below is the operation of the optical transmission 

system of the fifth embodiment, focusing only on the fixed optical 
filter part 610 and the variable filter 620, which are provided 
as alternatives to the optical filter part 550 in the fourth 
embodiment. This is the only difference from the system of the 

15 first embodiment. 

The optical signal coming through the optical fiber 150 
reaches the fixed optical filter part 610 . The fixed optical filter 
part 610 includes a fixed filter whose transmittance shows 
periodicity to optical wavelength. The fixed optical filter part 

20 610 extracts, from the optical signal coming from the optical fiber 
150, a group of optical carrier components and a group of optical 
sideband components of every optical signal multiplexed thereon. 
The thus ^w& extracted group of optical carrier components go to 
the variable filter 620, and then any optical carrier component 

25 of desired wavelength is" selected and extracted therefrom for 
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output to the optical combiner 370. On the other hand, the group 
of optical sideband components go to the second SSB modulation 
part 360 to be SSB modulated by a local oscillation signal whose 
frequency is equal to the carrier frequency of any one ASK signal 
carrying the desired digital data. The SSB-modulated optical 
signal is then outputted to the optical combiner 370. Here, if 
first SSB modulation parts included in each of the optical 
transmission parts 311 to 31m have generated an upper sideband 
through SSB modulation, the second SSB modulation part 360 so 
performs SSB modulation as to generate a lower sideband, and vice 
■ve^es-a- vice -versa . The optical combiner 370 combines the optical 
carrier component with the resultant optical signal outputted from 
the second SSB modulation part 360, and then the resultant optical 
signal goes to the optical-electrical conversion part 170 to be 
converted therein into an electrical signal by square detection. 
From the electrical signal, the LPF 190 extracts the desired digital 
data . 

With reference to the accompanying drawings, described next 
is the principle of the desired digital data being demodulated 
through the above-described operation. 

FIG. 7a is an exemplary spectrum of an optical signal at 
atime of coming into entering the fixed optical filer part 610. 
Herein, dotted broken lines and curves are each show showing 
exemplary transmittance of the periodic fixed optical filter part 
610. Specifically, the dotted broken lines each denote 




transmittance of a periodic fixed optical filter used to extract 
the group of optical carrier components, while the dotted curves 
each denote transmittance of a periodic fixed optical filter used 
to extract a group of optical sideband components. The fixed 
5 optical filter part 610 collectively extracts optical carrier 
components out of m optical signals varied in wavelength from fOl 
to fOm, and then outputs those to the variable filter 620. As 
for optical sideband components collectively extracted thereby, 
the fixed optical filter part 610 outputs those to the second SSB 

10 modulation part 360 . Thereafter, the variable optical filter 620 
selects and extracts any desired optical carrier component out 
of the received m optical carrier components (here, selected and 
extracted is presumably the optical carrier component of optical 
frequency f02, which is denoted by a thick line) . On the other 

15 hand, the second SSB modulation part 360 collectively subjects, 
to SSB modulation, those received m optical carrier components 
by a local oscillation signal whose frequency (here, fk) is equal 
to the carrier frequency of any one ASK signal carrying the desired 
digital data. 

20 The optical carrier from the variable optical filter 620 

and the resultant optical signal from the second SSB modulation 
part 360 are combined together in the optical combiner 370. FIG. 
7b shows an exemplary spectrum of the resultant optical signal 
at a time of coming out of leaving the optical combiner 370. As 

25 shown in FIG. 7b, by SSB modulating the collectively extracted 



optical sideband components in the second SSB modulation part 360 
again^ this time by the local oscillation signal of frequency fk, 
a shaded area which denotes an optical component (optical frequency 
f02 + fk) corresponding to the ASK modulated signal of carrier 
frequency fk is frequency-converted and comes to the position of 
optical frequency f 02 . In the spectrum, at the optical frequency 
f02, the optical carrier component is overlaid on the optical 
component corresponding to the ASK modulated signal of carrier 
frequency fk. Therefore, by converting this optical signal by 
square detection in the optical-electrical conversion part 170 
into an electrical signal, the desired digital data can be obtained 
in the sideband. 

Here, the periodic fixed optical filter may be implemented 
by an optical filter utilizing a Mach-Zehnder interferometer, 
Fabry-Perot filter, or the like. 

Note herein that, the optical carrier components 
collectively extracted by the fixed optical filter part 610 are 
provided to the variable optical filter 620, while the optical 
sideband components are provided to the second SSB modulation part 
360. This is not restrictive, and similarly the desired digital 
data can be derived if the optical carrier components go to the 
second SSB modulation part 360, while the optical sideband 
components go to the variable optical filter 620. In such case, 
the second SSB modulation part 360 needs to perform SSB modulation 
in such a manner as to generate the optical sideband components 
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on the same side as in the first SSB modulation parts included 
in each of the optical transmission parts 311 to 31m. As an example , 
if the first SSB modulation parts have generated an upper sideband, 
the second SSB modulation part 360 follows suit. 
5 In this embodiment, any desired optical carrier component 

is extracted in the variable filter 620 after the fixed optical 
filter part 610 collectively extracts components of optical carrier 
and optical sideband. This is not restrictive as long as both 
of the desired optical carrier and sideband components are shifted 

10 onto the same optical frequency under the SSB modulation scheme. 
As an example, from the optical signal coming from the optical 
fiber 150, a single variable optical filter may first collectively 
extract a pair of optical carrier and sideband components of any 
one optical signal multiplexed thereon, and then a periodic 

15 variable filter may separate those from each other. 

Similar to the first embodiment, if electrical devices , such 
as the optical-electrical conversion part 170 and an amplifier 
appropriately provided subsequent thereto^ are 

characteristically capable of passing only any low frequency 

20 component, the LPF 190 may be omitted. 

Also, similar to the first embodiment, the data to be 
transmitted is not limited to be digital. 

As is known from the above, according to the fifth embodiment, 
there is no need to include any means for selecting any one ASK 

25 signal of desired frequency from a frequency division multiplex 
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signal for demodulation as in the fourth embodiment . Also, signals 
can be allocated over a broader frequency band without requiring 
an optical-electrical conversion part and any other part connected 
subsequent thereto to be broadband, and accordingly increasing 
optical transmission capacity while reducing cost — increase . 
Further, in this embodiment, an optical filter is composed of both 
a periodic fixed optical filter and a variable optical filter. 
The periodic fixed optical filter first extracts, from a 
multiplexed optical signal, two groups of components of optical 
carrier and optical sideband, and then the variable optical filter 
extracts only a desired optical carrier component from thus 
extracted optical carrier components. With such structure, 
compared with a case using two variable optical filters for 
extraction, nocded herein is only one variable optical filter, 
which is expensive , is needed herein . Further, the bandwidth for 
transmission required for the variable optical filter becomes 
broader, therefore there is no need for any high-performance 
narrowband variable optical filter. Accordingly, optical 
transmission capacity is increased while reducing cost i-ner o aoo 
to a greater degree. 

While the invention has been described in detail, the 
foregoing description is in all aspects illustrative and not 
restrictive. It is understood that numerous other modifications 
and variations can be devised without departing from the scope 
of the invention. 
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